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There are many complex waveguides in which conditions are such that
the phase velocity of wave propagation is less than the veloaoity of light
in a vaouum -~ theme conditions, namely, being created by the special
disposition of metallle partitions without the use of dieleotrioe. When
& charged particle moves uniformly elong such & wstemm velooity 2
whieh—H7erj—-particle) exceeds the phase velooity of wave propegation,

! just as when a charged particle moves in a dielectrio, then electromag~

netic waves are radiated (Cherenkov's effect),

This radiation can be .simply determined in the case of linear peri-
odic structubes which are a series of identical compartments intercon- E
nected with each other by apertures through which a charged particle

moves,

We shall seek the tranasverse part of a veotor pctential'[ in the
following form:

Z %, A (7

vhere TA (?)'exp(ia)ht) represents the ve.r:loue waves which are able to

be propageted in the periodic structure in the absence of a charge (NOTE:

M= x,s s the set of continucus (X) and discrete (s) parameters
characterizing the wave); q) ere cortein funotions of time, The spa.tial
function Iy Py m can be represented in the following form:

',Z\‘)(F) = 7)(F) exp (£KxX) , —f S k<L :}
where "5.')‘ 18 & periodic funotion of the x coordinate (along which the
compartments are arranged), the funetion Being normal! zeci according to

‘the following condition:

. ‘
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I I'&’hlzdv = et
v
( \/' ie the volume of one compertment and L is the pericd of the struo=

tun).
The function qy (t) satiefies the equation of an osoillator of fre=-
quency &J),, which (1,e,, oscillator) is under the action of & foroing

A
‘ force! . . |
}A—;‘- “ £ =_]§(f) W 1
where JA( — &L/V- jjz*dv f

by
(3 18 the current density oconneoted with the particle; N is the num=

! ber of acmpartments; end V, is their volums), .
The energy of the electromagnetic field equals:

pior =43 (4i+wrg)

If radiation ocours, then H is proportionsl to t for t—»o0d, Such :

an asymptotic behavior holds true only for resonance between (a) the ,

| eigenoscillations (that is, the characteristic or proper oscillations)

qy of the oscillators and (b) the foreing force fA(t) (NOTE: sgee 1, 2,
and 3 in the Bibliography). '

When & charge e moves unifermly with velocity v along the x-axis,
then equation (1) above assumes the following form: ,

e *
iy =SLYT er~i 0t R W

A

= = 00

V) N 2TTAN X
— -
(vhere b;”’ ——j- L S dy(x00) € L -dx and

e is the unit veotor of polarization); namely, along the x-axis the

value of the current density T L-H

S=evSo=vt), 7, =4 =0.

The force 1s characterized by the spectrum of frequenciess
2 = («+Zg2)y
“rn
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The ocndition of resonance, which (i,e., resonance) is the condi-

tion governing radiation, has the following form:

27rn
) = = BB, = (KFT7)Y

In an unbounded dielectric we have:

| = kc/y? (k is the wave veotor; £ is the dieleotric constant),

‘er" Ky (ﬂ:ﬁ (& is the angle between the dirsction of wave propa-
gation and the velocity of the particle),

n=0, and

equation (3) leads to the well-known condition that governs the possi-
bility of the Cherenkov effect:

cosé=—c—$ /.

VVE
In the case of periodical structures the condition (3) can be ef-
fected, generally sneaking, for various combinations of the quantities
‘ . Byn, K,
In an ordinary weveguide filled with a d'lieleatric, we have
w,\ = cuoz PR

Vhere 4/, 1s the limiting frequency and u = o/YE . The condition

governing the Chersnkov effect (3) leads to the relation W= ra_\:-i- yEKZ

|

i

; = VK ; hence 1t follows that the frequency that can be rediated
' equalss

! Ly == NO/YJ—-u"/c" :

This relation detarmines the discrete spectrum of frequenoies, since u
is a certain function of the frequenoy u = u(w),

The general formule for the intensity I of rediation has the fol-
lowing form:

B HE VL 117 b2 | by ®

l={s0 T = Tt d * g |
(< H,ﬁjlap_p:_v’h=)3 = g’a&)’z"'v )___)u
d
-3 -
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where )\J is the set of qmtit:l.ea ( K,e) satisfying the ejuation
@, = Pxn = 0, and 3 ig the set of quantities satisfying the
equation O 7 Udi, = O.

In the case of a oylindrieal wavaguide this formula lesds te the

following results

Zev
1—-—:—2 JECp) Cps ’ (5)

where R is the redius of the vaveguide, J; is Beasel's funotion, mu

P‘s 18 the roots of the Bessel function Jo; the summation is carried

out over t“ose velues of s for which we have u( o.:,(s) $. v, Here

the rediated frequencies (. ¢ are determined from the relation

W= U Yk 2+ [A:/ R*= kV (With increase in s the frequency
increases, but the phase velooity u( Wyg ) tends toward o therefore,
starting from & certain s, the condition u < ¢ ceases to be fulfilled).

If the osoillebor moves along the x-axis with a veloocity v, R and its

eigenfreiuencies and moment oﬁmﬁw equal w; and

d' respectively, then we have:
= wdscoswt + S x—vi), =t =00
where d == a' Y| —Vv¥* and w = wo’- Yi—v¥er .
The condition governing rediation, that is the condition of reso-

nance, has now the form:

TN
= v (k) = (6)

This relation determines the Doppler effect in periodic structurest
For given v,l,,8 we obtain from (6) a series of discrete values of
kappe K to which correspond definite discrete frequencies of the redi-
atlon.

When the oseillator moves in an unbounded dielectric, condition
(6) assumes the following form:

W= w=ck/VE = kv esb=* w, ;

-l -
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henge the well-known formulas (see 4 in the Bikliography) for the come
plex Doppler effect immediately follow:

w=w,/[[1—LE -:a:é_’] -cL'“"g </;
(7)

W = a)‘/[-rz@-.'(ﬂ59—c7, V)Z'(a,.5> /. ()
(NOTE: In (7) epoilon € 4o a funotdon of @ : € = E(w) )s
The intensity I of rediation is determined by the following gen-
eral formulas

b7l
[= w T
-—’—1 Z a_ ,)—7‘5 ’\4’2‘?-{-\/' 3‘ (8)

where zé 1o the set of quantities ( K ,s) determined frem the equa-

I
tions Wy= v(k =+ 2mn/Y)== ¢, and ); 1s the set of quantities
. 27N
(. .8) defined by the equation w)= —v( K+T)'—"= We -
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